
AD 

Award Number: DAMD17-99-1-9312 

TITLE: Mammary-Specific Gene Transfer for Modeling Breast Cancer 

PRINCIPAL INVESTIGATOR: Yi Li, Ph.D. 
Harold E. Varmus, Ph.D. 

CONTRACTING ORGANIZATION: National Institutes of Health 
Bethesda, Maryland  20892-1904 

REPORT DATE: August 2000 

TYPE OF REPORT: Annual Summary 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

DTIC QUALITY mSFEGTED 3 

20010109 127 



REPORT DOCUMENTATION PAGE 
t-orm Approved 

OMB No. 074-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the dataineeded, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
August   2000 

3. REPORT TYPE AND DATES COVERED 
Annual Summary (1 Aug 99 - 31   Jul   00) 

4. TITLE AND SUBTITLE 
Mammary-Specific Gene Transfer for Modeling Breast Cancer 

6. AUTHOR(S) 
Yi Li, Ph.D. 
Harold E. Varmus, Ph.D. 

5.  FUNDING NUMBERS 
DAMD17-99-1-9312 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
National Institutes of Health 
Bethesda, Maryland 20892-1904 

E-MAIL: 
yili@helix.nih.gov 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 

Several genetic alterations have been identified in breast cancer, yet the molecular mechanisms 
leading to breast tumorigenesis are unknown.  In order to develop a mouse model system that can 
dissect the genetic pathways involved in breast tumor development, we are adapting a somatic gene 
transfer system based on avian leukosis virus A (ALV-A) expression vectors and the TVA receptor for 
ALV-A.  Transgenic mice have been generated that target tv-a to the mammary epithelial cells using 
MMTV and WAP promoters.  Mammary epithelial cells from these transgenic mice are susceptible to 
infection both in vivo and in vitro.  The animals developed should be valuable for gene delivery 
using the ALV-TVA vector system. 

14. SUBJECT TERMS 
mammary gland, transgenic, tv-a, ALV, retrovirus, tumor, mouse model 

15. NUMBER OF PAGES 
7 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover 1 

SF298 2 

Table of Contents 3 

Introduction 4 

Body 4 

Key Research Accomplishments 5 

Reportable Outcomes 5 

Conclusions 6 

References 6 

Appendices  



INTRODUCTION 

A large body of genetic lesions, both somatic and hereditary, have been identified in human breast cancer. 
These include p53, BRCA1, and BRCA2, PTEN/MMAC1, neu/ErbB2/HER2, ErbBl/EGFR, PRAD-1/cyclin Dl, 
Mdm2, and c-myc.   The molecular events responsible for specific steps in the initiation and progression of 
breast cancer are, at present, unclear, but it is generally thought that breast cancer evolves from ductal 
hyperplasia, hyperplasia with atypia, carcinoma in situ, invasive carcinoma, and, finally, to metastatic disease. 
Many animal models have been created to investigate the importance of genetic lesions in tumor evolution since 
transgenic and knockout techniques can be used to create mice that are identical in genetic background except 
for one or a few genes that are to be examined. My research is designed to use a viral gene transfer system 
(Federspiel et al., 1994) to overcome some of the limitations that are currently faced by germline manipulations. 
This system is based on the fact that avian leucosis virus subgroup A (ALV-A) can transduce mammalian cells 

without production of viral particles when the gene encoding the avian receptor, TVA, is ecotopically expressed 
in these cells (reviewed by Fisher et al., 1999).   Consequently, after generating a single transgenic line 
expressing the tv-a in a target tissue, individual and combinatorial effects of any oncogenic genes can be 
examined using ALV-A as a delivery vehicle. This system has been demonstrated to work in modeling gliomas 
(Holland et al., 2000; Holland et al., 1998; Holland & Varmus, 1998). I am adapting this approach to the 
mammary gland to study the effects of several breast cancer genes, including Brca-1, p53, and HER2/neu, in 
mammary oncogenesis. 

BODY 

Task 1. Establish mammary-specific gene transfer methods (months 1-6). 

Using a polyclonal antibody against TVA in immunohistochemistry, I have selected, among over twenty founder 
lines, four transgenic lines that express tv-a from mammary targeted promoters (MMTV and WAP). Cultured 
mammary epithelial cells prepared from one MMTV-tv-a line (MA) can be infected with RCAS (a derivative of 
ALV-A) encoding alkaline phosphatase (RCAS-AP).   The percentages of infected cells can be significantly 
increased (from 5-10% to 30%) by the use of concentrated viruses and by multiple infections. Preliminary 
results show that these cells can be doubly infected, as we anticipated. Direct injection of RCAS-AP into 
mammary glands in mid-pregnant transgenic mice resulted in AP staining in some ducts, suggesting that these 
cells are susceptible to infection in vivo. 

Task 2. Introduce protooncogenes/oncogenes and dominant-negative TSGs into mammary glands in an 
effort to produce tumors (months 3-24) 

I have made several RCAS viruses to express oncogenes and dominant negative tumor suppressor genes that are 
implicated in breast cancer. Among the viruses generated are RCAS expressing a mutant form of HER2/neu, c- 
myc, Akt, cyclin Dl, a dominant-negative mutant of p53, E-cadherin, and TGF-beta receptor 1. Infection of 
two MMTV-fv-a mice with RCAS viruses encoding Wnt-1, cyclin Dl, and FGF-3 led to hyperplasia and 
dysplasia in seven months, while two non-transgenic control mice did not display any ductal lesions. It remains 
to be determined what virally expressed genes are present in these lesions. 

Task 3. Generate a mouse line carrying a floxed Brca2 allele in collaboration with Anthony Wynshaw- 
Boris (months 1-12). 



A targeting construct was made with both negative and positive selection markers. Transformation of this 
construct into bacteria expressing the gene encoding the Cre recombinase was found to yield a smaller plasmid, 
with the size expected for the correct excision of the intervening DNA flanked by the loxP sites. Transfection 
of this construct into ES cells, followed by positive and negative selections, yielded 210 stable colonies. 
However, assays using Southern hybridization and PCR screening did not detect any colonies that had 
undergone homologous recombination. Since several other laboratories have already generated targeted mice 
carrying floxed Brca-2,1 have discontinued further efforts to generate this line of animals. 

Task 4. Delete floxed TSG in mammary glands at targeted times in hopes of generating tumors (months 
12-24). 

I have obtained a Cre reporter line—ZAP (Lobe et al., 1999), which expresses LacZ or AP depending upon the 
absence or presence of Cre, and have crossed it into line MA. Mammary epithelial cells prepared from this line 
will be infected with RCAS-Cre to determine the efficiency of deletion of floxed LacZ. 

I have imported mice carrying floxed Brca-1 (Xu et al., 1999) and have bred the floxed allele into the MA line. 
The resulting tv-a TG, Brcam will be used for infection with I 
viruses such as RCAS-DN p53, RCAS-neu and RCAS-c-mvc. 
The resulting tv-a TG, Brcam will be used for infection with RCAS-Cre in combination with oncongenic 

Task 5. Express protooncogenes/oncogenes and inactivate floxed TSGs in the mammary glands in order 
to generate tumors (months 24-36). 

This section represents future work. 

Task 6. Characterize tumors generated in the course of this study (months 24-36). 

This section represents future work. 

KEY RESEARCH ACCOMPLISHMENTS 

1. I have created transgenic lines expressing tv-a from the MMTV promoter 

2. I have created transgenic lines expressing tv-a from the WAP promoter 

3. I have shown that mammary epithelial cells from MMTV-fv-a mice can been infected by avian leucosis 
viruses. 

4. I have created ALV viruses expressing genes encoding HER2/neu, myc, Akt, cyclin Dl, and polyoma 
middle T antigen. 

REPORTABLE OUTCOMES 

1. tv-a transgenic lines that express TVA in the mammary epithelial cells. 

2. ALV viruses expressing genes HER2/neu, myc, Akt, cyclin Dl, and polyoma middle T antigen. 



CONCLUSIONS 

I have generated transgenic mice expressing tv-a from mammary-specific promoters. The mammary epithelial 
cells from these mice can be infected with RCAS viral vectors. Experiments are underway to determine more 
efficient methods to infect mammary cells. After the system is better characterized, it should allow more rapid 
evaluation of the impact of single and combinatorial genetic lesions that have been implicated in breast cancer. 

A new direction of this research—Metastasis is what ultimately kills breast cancer patients, but the molecular 
cues for metastasis are unknown. Since MMTW-Wnt-1 mice develop mammary tumors that usually do not 
metastasize, I would like to try to induce metastasis of these tumors. MMTV-rv-a has been bred into MMTV- 
Wnt-1 mice. A number of candidate genes (such as genes encoding polyoma middle T, HER2/neu, members of 
the TGF beta pathway, and dominant-negative E-cadherin) that are known to play roles in tumor metastasis will 
be tested first by injecting viruses carrying these genes directly into the developing tumors. If successful, 
additional candidates will be tested. This model system, once developed, would be an ideal approach to dissect 
pathways involved in tumor invasion and metastasis and could also be useful for animal testing of mechanism- 
based therapeutic drugs in both treatment and prevention. 

Other achievements not proposed in the approved proposal— PTEN encodes a phosphatase that removes the 
D3 phosphate of phosphatidylinositol (3,4, 5)-triphosphate, reverting the effect of PI3K and, therefore, 
inhibiting AKT, a serine/threonine kinase that inhibits apoptosis.   Pten is mutated in many human cancer types, 
including breast cancer. In mice, inactivation of Pten predisposes to multiple neoplasias, but high-grade 
mammary adenocarcinomas are rarely observed (Di Cristofano et al., 1998; Podsypanina et al., 1999; Stambolic 
et al., 2000; Suzuki et al., 1998). I have generated a mouse model in which the role of Pten can be studied in 
breast cancer by crossing Pten heterozygous mice to MMTV-Wnt-1 transgenic mice that routinely develop 
mammary carcinomas. Female Wnt-1 transgenics that were heterozygous for Pten developed mammary tumors 
at an accelerated rate compared to those with the wild type Pten alleles. In males, the frequency of tumors was 
markedly increased in the Wnt-1 transgenics heterozygous for Pten. In most tumors arising in Pten 
heterozygotes, the Pten wild-type allele was lost, suggesting that cells that lack Pten function have a growth 
advantage over cells retaining a wild type allele. Loss of Pten is accompanied by increased levels of 
phosphorylated AKT. This animal model may be useful in testing radiation and chemical therapies against 
tumors carrying a Pten mutant. 

REFERENCES 

Di Cristofano, A., Pesce, B., Cordon-Cardo, C. & Pandolfi, P.P. (1998). Nat Genet, 19, 348-55. 

Federspiel, M.J., Bates, P., Young, J.A., Varmus, H.E. & Hughes, S.H. (1994). Proc Natl Acad Sei U S A, 91, 
11241-11245. 

Fisher, G.H., Orsulic, S., Holland, E.C., Hively, W.P., Li, Y., Lewis, B.C., Williams, B.O. & Varmus, H.E. 
(1999). Oncogene, In press. 

Holland, E.C., Celestino, J., Dai, C, Schaefer, L., Sawaya, R.E. & Fuller, G.N. (2000). Nat Genet, 25, 55-7. 

Holland, E.C., Hively, W.P., DePinho, R.A. & Varmus, H.E. (1998). Genes Dev, 12, 3675-85. 

Holland, E.C. & Varmus, H.E. (1998). Proc Natl Acad Sei USA, 95,1218-23. 

Lobe, CG., Koop, K.E., Kreppner, W., Lomeli, H., Gertsenstein, M. & Nagy, A. (1999). Dev Biol, 208, 281-92. 

6 



Podsypanina, K., Ellenson, L.H., Nemes, A., Gu, J., Tamura, M., Yamada, K.M., Cordon-Cardo, C, Catoretti, 
G., Fisher, P.E. & Parsons, R. (1999). ProcNatl AcadSei USA, 96,1563-8. 

Stambolic, V., Tsao, M.S., Macpherson, D., Suzuki, A., Chapman, W.B. & Mak, T.W. (2000). Cancer Res, 60, 
3605-11. 

Suzuki, A., de la Pompa, J.L., Stambolic, V., Elia, A.J., Sasaki, T., del Barco Barrantes, I., Ho, A., Wakeham, 
A., Itie, A., Khoo, W., Fukumoto, M. & Mak, T.W. (1998). CurrBiol, 8,1169-78. 

Xu, X., Wagner, K.U., Larson, D., Weaver, Z., Li, C, Ried, T., Hennighausen, L., Wynshaw-Boris, A. & Deng, 
C.X. (1999). Nat Genet, 12, 31-43. 


